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>: 

Q , Gronau and Wakaizumi have proposed a model in which the dominant b decays are 

' due to exchange of a new right-handed gauge boson. A test of this model via the 

, study of polarized Af, baryons produced in e+e^ — > Z — > + A is suggested. 

(N : 

^ ■ It is conventionally assumed that the b quark decays left-handedly. However, 

OO . it turns out to be surprisingly hard to exclude the possibility [0 that the dominant 
b decays to charm occur via a nf^/it-handed coupling, as long as the coupling to 
leptons in such decays is also right-handed. One cannot just look at the beta-decay 
^ ■ spectrum, which is the same for {V - A) -k {V - A) and {V + A) x {V + A) couplings. 

. Instead, one needs to study decays of polarized b quarks. 
r-| ■ In the present report, based on the work of Ref. 0, we suggest that the 

P-i! reaction e+e" ^ 66 ^ Ab + . . . is likely to give polarized 6's, whose decay to leptons 
can distinguish among models. We urge, in particular, that the LEP experiments 
^ ■ (some of which p, |[ have already presented evidence for Ab) analyze their data 

. with the possibility of iV A) x {V + A) couplings in mind. Some aspects of the 
. ^ \ polarization studies suggested here have been mentioned previously ||, |[ . 
^ \ The reaction e+e^ ^ Z ^ 66 is expected to give rise to 6 quarks with polar- 

I ization V ~ -0.93 for a weak mixing angle sit? 6 = 0.233. The A^ produced in the 

subsequent fragmentation of these 6 quarks should retain this polarization in the 
heavy-quark limit [6] , in the absence of hard-gluon emission. The spin of the A;, is 
carried entirely by the 6 quark; the light quarks in it are coupled up to spin zero. 
If, on the other hand, the b quark ends up in a (spinless) B meson, information on 
its polarization is lost. 

The inclusive Af, charm semileptonic decay can be treated in the heavy- 
quark limit as a free-quark decay 6 ce^Ve- If the 6 has polarization V, the expression 

^ Presented by Jonathan L. Rosner at DPF 92 Meeting, Fermilab, November, 1992. 



for the normalized decay distribution in the b rest frame may be written 
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where x = 2E*/mb, E* is the electron energy in the b rest frame, ip is the angle between 
the electron momentum and the spin quantization axis in this frame, ^ = ±1 for V±A 
couplings at both vertices, and 



The electron spectrum (1) is considerably harder for ^PcosV' — 1 than for (^Vcosip ~ 
-1, as one can also see using familiar helicity arguments. 

In the reaction e+e" Z ^ Ai, + X, the b quark has a large momentum along 
the axis of a fairly well-defined jet. In order to obtain the signal for A;, production, 
one can select events with a lepton at some minimum transverse momentum pt with 
respect to this axis and with an inclusively produced A baryon of the appropriate 
sign [3,4]. In this frame, let us imagine the b spin to be quantized along its direction 
of motion. The electron transverse momentum and total energy are then pr = 
{mbXsin^)/2 and = TOf,a;7f,(l + WbCosV^)/2, where Vb is the b quark's velocity and 
76 = (1 - vf)~'^^^. Using these variables we may transform the distribution (1) to 
obtain 



Examples of this distribution are shown in Fig. 1 for various values of p™'" and for 
the two limiting cases £,P ^ 1 (close to the standard model) and S^V = -1 (close to 
the model of Ref. [1]). We have taken the b quark to have a laboratory energy of 45 
GeV, so that jb = 9. We have taken nic = 1.66 GeV, nib = 5 GeV, and have ignored 
the electron mass. A distinction on the basis of the electron energy spectrum is 
clearly possible, for example, when p™'" = 0.8 GeV. 

The distributions (1) - (3) can be convoluted with more realistic functions for 
fragmentation of a 6 quark if desired. These functions are already in use in the Monte 
Carlo simulations employed in Refs. [3] and [4], so it should be a simple matter to 
reproduce distributions analogous to those in Fig. 1 which are more appropriate 
to the actual experiments. The fragmentation of a quark to a Ab is not actually 
known; the corresponding function for 6 ^ i? is peaked around ps/pb « 0.7. A 
potential source of depolarization is production of Ab via the decay of and E^. If 
these two resonances are more closely spaced than their natural widths, they can act 
coherently to preserve the b quark polarization, but if they are too widely spaced, 
some depolarization will result. (This question has been considered in Ref. [0.) 
The study of the corresponding spacing between Sc and E* should shed some light 
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on this question. 
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Figure 1: Distributions in electron laboratory energy for semileptonic decays of a 6 quark with 
laboratory energy 45 GeV and values of electron p™'" = 0, 0.8, and 1.6 GeV (curves in descending 
order). Distributions are normalized to unit area for p™'" = 0. Solid curves: = +1; dashed 
curves: = —1. 
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